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FOREWORD 

This and succeeding publications concerning analyses of pe- 
troleum products in commercial use (which include surveys on 
aviation gasoline, motor gasoline, and diesel fuel) will be issued 
as Information Circulars instead of Reports of Investigations as 
in the past. This change is being made in accordance with 
Bureau of Mines policy which restricts the use of Reports of 
Investigations to the presentation of results of original Bureau 
of Mines research, Previous publications dealing with aviation 
fuel are Reports of Investigations 4789, 4889, 4982, 5036, and 


5132. 
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INTRODUCTION 


This report on the properties of aviation gasolines and aviation jet 
fuels produced in the United States during 1955 was made under a co- 
operative agreement between the American Petroleum Institute and the 
Bureau of Mines of the United States Department of the Interior. 


Analytical data are presented for 116 samples of aviation gasoline 
and for 38 samples of aviation jet fuel. The analyses were made on 
samples typical of the manufacturers' 1955 production in their laboratories 
and the results submitted to the Bureau of Mines for compilation. The 
products of 20 manufacturers of aviation gasolines and of 16 producers of 
aviation jet fuels are represented. 


SUMMARY 


A comparison of certain properties of the commercial aviation gaso- 
lines produced in the United States during 1953, 1954, and 1955 is pre- 
sented in table 1, the 1955 data being average values from tables 3 
through 7 of the present report. Trends in certain characteristics of these 
fuels may be seen in figures 1 through 5 which also indicate the minimum 
and maximum values. A list of aviation-fuel survey reports published by 
the Bureau of Mines is given on page 7. 


Table 2 presents a summary of data from table 8 and compares prop- 
erties of aviation jet fuels of 1955 with summarized data on jet fuels of 
1951, 1952, 1953, and 1954. 


INSPECTION TEST DATA OF AVIATION GASOLINE 


The values for the properties of the aviation gasolines were compiled 
from data submitted on their products by 20 manufacturers. A total of 116 
samples of aviation gasoline is represented, of which 34 are for commercial 
use only, 24 are for military use only, and 58 are designated for both com- 
mercial and military use. The analyses are tabulated according to the 
following grades: 80/87, 91/96, 100/130, 108/135, and 115/145. In each 
grade the analyses are tabulated in the order of commercial only, commercial 
and military, and military only. 
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TABLE 2.- Summarized date on aviation jet_fuels 


Baten 


Freezing point _. __ __ _. __° F, <-7, 
Viscosity, kinematic, -40? F, es. 8 
Water tolerance — _.. __. _. __ ml, 0.0 
Aniline point  _. _. __ ___® F, 132.8 
Aniline-grovity constant — 5, 604 
Bromine No, __ __ gm, 8r/100 gm. 0.% 
Sulfur 

Total wt. percent 0.079 

Mercepten 0.0009 
Aromatic content. ____ vol. percent 14.3 
Olefin content - 
Smoke point — - 


Smoke volatility index 
Existent: 
Airjet, 400° F, _. mg./100 mil. 
Steam-jet, 450° F, _ _ 
Wehr. eccolereted: 
Airjet, 400° FL 
Steum-jot, 450° FL 
Heat of combustion, net — _ Btu/b. 
Hydrogen-cerbon ratlo 


TABLE 2.- Summorized data on aviation jet fuels (cont.) 


Gm om 


— pee Pies Tome Pins [ome [vo | mele me [mw | 
28 23 x] 1 1 1 3 1 


Number of fuels — 24 
Grevity — — — — — — —® AM $1.8 45.4 48.4 37.3 
Distillotion temp.: 
10% evap,  . — __ _. 2 F, 229 
0% evap. eS 357 
Wh oven. ee = 469 
400° F. peint _ __ percent evap. 68.9 
Rold vapor presure — _ —. —._ Ib. 2.5 
Freezing point °F, 6 <-67 
Vihessity, kinematic, -407 F, _. — cs. -& - 
Woter tolerence mi. 0.0 0.0 
Aniline point 3 .. _. —. —_ oF, 06.5 H.9 


> — 
B 
o= 
28 


~—* 
bp) 

° 

o 
ro 


Sulfur 


Tote 2 wt, percent 265 0.199 
ag ae aes eS .002 .001 
Aromatic content _. __ _.. vol. percent 20.3 14,2 
Olefin content — — —. _. _— - 9 
Smoke pol _. . — — —— —_ - 23.3 
Saske velotility index . __ -__ - $2.2 
Gua 
Existent: 
Alr-jet, 400° F, _ mg./100 al, 
Steaem-jot, 450° F, — _. ._ 
l-hr. accelerated: 
Airjet, 400° FL 
Steew-fet 
Heat ef comnstion, net —. ___._ Bub. 


Hydrogen-cerbon reflo —. ——_  -___ __ 


1/ As only two samples ere represented, average velues were net computed, 
Test en ore sample. 


Google 


Each item number in tables 3 through 7 designates a separate sample. 
The analysis for each consists of the following test results: Octane numbers 
for lean and rich mixtures (octane numbers for 100 or below, isooctane plus 
milliliters tetraethyllead above 100), performance numbers (for grades 100/130, 
108/135, and 115/145), tetraethyllead content, distillation characteristics, 
Reid vapor pressure, copper-dish gum, potential gum, visible lead precipitate, 
water tolerance, net heat of combustion, aniline point, gravity, freezing 
point, sulfur content, kinematic viscosity at 70° F., gum inhibitor content, 
color of fuel, copper-strip corrosion, acidity of distillation residue, and 
oxidation (gum) inhibitor, The performance numbers have been recorded to 
the nearest whole unit as the rating methods are considered accurate only to 
that extent. ASTM or FS number designations 2/ are used with the test 
names to indicate the test procedures in most of the column headings of 
tables 3 through 7. An exception to the method is indicated by a footnote. 
Also listed are aniline-gravity constants as reported. Average values of the 
tests are given at the foot of each table for the number of samples indicated, 


The results of three tests--color, copper-strip corrosion, and acidity of 
distillation residue--are given in the following tabulation rather than in 
columns in the tables. Several samples were tested for copper-strip corrosion 
and acidity of distillation residue by equivalent company methods. The re- 
sults are given as "Number 1" according to the latest method for reporting 
corrosion test results, although some of the tests were reported as its equiva- 
lent "0," in accordance with ASTM D130-53T. 


2/ American Society for Testing Materials, ASTM Standards on Petroleum 
Products and Lubricants (With Related Information): Philadelphia, 
1954, 954 pp.; ASTM Manual of Engine Test Methods for Rating 
Fuels, 1952, Philadelphia, 1952, 342 pp.; 1953 Supplement to 
ASTM Manual of Engine Test Methods for Rating Fuels, 1953, 46 pp. 


Federal Specification VV-L-79le, May 21, 1953, Lubricants, Liquid 
Fuels and Related Products: Methods of Inspection, Sampling, and 
Testing, Federal Standard Stock Catalog, Section IV, Part 5, and 
preceding recent editions. 
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Copper-strip Acidity of 


No. Color corrosion distillation 
of of (air-well method) residue 
Grade fuels fuel ASTM D130-54T ASTM D1093-52 
80/87 19 Red 1/ No. 1 Neutral 
91/96 21 Blue No. 1 do 
100/130 35 Green No. 1 do 
108/135 9 Brown 2/ No. 1 do 
115/145 32 Purple No. 1 do 


V/V One fuel of this grade, item 18, was colorless. 
2/ Color of 1 sample, item 84, was purple. 


The analyses of aviation gasolines for military purposes only are listed 
separately. The averages of the tests, however, include the values of gaso- 
lines designated for both commercial ond mie use and are so indicated 
by footnotes. 


TRENDS OF AVIATION GASOLINE CHARACTERISTICS 


Summarized data of the average values of the tests of commercial 
aviation gasolines in the present survey, compared with those of previous 
surveys, by years, are shown in tables 9 through 13. Data for 1947, 1948, 
and 1949, when two surveys a year were conducted, are condensed to show 
averages of the test results for each year, based on the respective numbers 
of samples represented. 


Figures 1 through 5 illustrate trends of certain distillation values, 
Reid vapor pressure, tetraethyllead content, kinematic viscosity at 70° F., 
and slope at 10 percent for the 5 grades of commercial aviation gasoline. 
Minimum and maximum values in the figures were obtained from the de- 
tailed tables in the series of reports. As data on grade 108/135 fuels were 
not included in the survey reports until 1952, the plots in figure 4, on 
comparable-size charts, are shown only for the last 4 years. Graphs showing 
trends of octane and performance numbers have not been prepared, because 
no variations exceeding the reproducibility of the test methods were found. 
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INSPECTION TEST DATA OF AVIATION JET FUELS 


Analyses of 2 samples of grade JP-3 jet fuel, 30 samples of JP-4, 
3 samples of JP-4 referee jet fuel, and 3 samples of JP-5 jet fuel are 
shown in table 8, Each complete analysis consists of data for 20 tests: 
Gravity, distillation, Reid vapor pressure, Tag closed-cup flash point, 
freezing point, color, viscosity at -30° F. in centistokes, water tolerance, 
aniline point, bromine number, total and mercaptan sulfur in weight 
percents, copper-strip corrosion, aromatic and olefin contents, smoke 
point, existent gum by steam-jet at 450° F., 16-hour accelerated (po- 
tential) by steam-jet at 450° F., net heat of combustion, and hydrogen- 
carbon ratio. These data were supplied by 16 manufacturers of aviation 
jet fuel. The tests were conducted in company laboratories by procedures 
approved by the American Society for Testing Materials, 3/and in accord- 
ance with military specifications MIL-F-5624C and MIL-F-5161C, and 
Amendment 1. 4/ Average values are shown for grades JP-4, JP-4 
referee fuels, and JP-5 jet fuels in table 8. Averages are not given if 
the samples tested are too few, or for properties such as color and flash 
point which are not considered additive. Table 2 presents a summary of 
data on aviation jet fuels tested in 1951, 1952, 1953, 1954, and 1955. 


Results of two tests no longer are tabulated=--existent gum by air 
jet at 400° F. and 16-hour accelerated (potential) gum by air jet at 
400° F,--as these determinations generally have been superseded by pro- 
cedures using steam jet at 450° F. Figures are computed for aniline- 
gravity constant and smoke volatility index. Many of the figures for net 
heat of combustion are computed values from a formula developed by the 
National Bureau of Standards in cooperation with the American Society 
for Testing Materials, Values determined by methods other than indicated 
in the headings of table 8 are shown by footnotes. 


3/ See footnote 2. 

4/ Military Specification, Fuel, Aircraft Turbine and Jet Engine, Grades 
JP-3, JP-4, and JP-5, MIL-F-5624C, May 18, 1955, 6 pp.; 
Military Specification, Fuel, Referee, Aircarft Turbine and Jet 
Engine, MIL-F-5161C, December 4, 1953, 5 pp., and Amendment 1, 
January 15, 1954. 
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LIST OF NATIONAL AVIATION FUEL SURVEY REPORTS 


Author 


Production 


date 


R.1. 
No. 


In_cooperation with the Coordinating Research Council, Inc. 


Holliman, W. C. & others 
Do. 
Do. 
Do. 
Do. 


Blade, O. C. 


Mar. 


1947 


July 1947 


Jan. 


1948 


July 1948 


Jan. 1949 


Oct. 


1949 


4273 
4353 
4424 
4435 
4529 


4664 


May 1948 
July 1948 
Nov. 1948 
Nov. 1948 
May 1949 


Mar. 1950 


In cooperation with the American Petroleum Institute 


Blade, O. C. 
Do. 


Do. 


Do. 
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Oct. 
Oct. 
1952 
1953 
1954 


1955 


1950 


1951] 


4789 
4889 
4982 
3036 


5132 


Mar. 1951 
May 1952 
May 1953 
Feb. 1954 


Apr. 1955 


This report. 


Pages 


16 
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TABLE 9.- Summarized data on grade 80/67 commercial aviation gasoline 
= Tae [wa [wm [em [om [me [me me] 


Reid vapor pressure — — - —- - —-- -~—-- - Ib. 
Gum: 


Potential, 16 hr, —- ~— -------—-----— 
Heat of combustion, 


Aniline-gravity constent - — - -—- — --— —--- 
Freezing point- ———-— — ——-—--—- —- °F, 
Corrosion, copper strip - —- — — - -—--— —-—-— —- 
Sulfur --—~~—-—--——---— ~~ — wt, percent 
Viscosity, kinematic ot 70° F-——-——— cs. 


TABLE 10,- Summarized data on grade 91/9 commercial aviation gasol ine 
inspection test | 17 | iss | i949 | 1950 | 1951 | 1952 | 1953 | 1954 | 1955 


10% evap.—— - ------------- oF. 


Reid vapor pressure - - — — —— — —-—---- Ib. 
Gum: 


Copper dish ——- —-——-—-—- mg./100 ml, 

Fotential, 16 he —---— — -—-— ~-—---—-~ -.-—- 
Heat of cr mbustion, 

pablo a oe by 
Antline polnt === —=====<---.=-— © Ff, 
Gravity--- ---~--— - -------—- — © API 
Aniline-grovity constent —- — — -——-— - - ~—- 


Freezing point -~-- ~--—------~--— oF, 
Corrosion, copper strip - -------~--~---- 
Sulfur ~— -—------------ wt, percent 
Viscosity, kinematic at 70° F, - ------ cs. 


V/ Thee samples blue. 2/ Nine samples red, four blue. 3/ Nine samples red, three blue. 4/ Seven samples red. 
5/ Elght samples red, two blue. 6/ Two samples blue. 7/ One sample clear. 
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TABLE 11.- Summarized data on grade 100/130 commercial aviation gasoline 


inspection test | sez | sea] sap] reso] 951] saz] t9sa | i954 | 1959 


Number of fuels --- -—--- -----~—------ 26 
Octane number: 
Leon mixture ———-—— -—-—-—~-—------~- tsot 
0.21 
Rich mixture - —- — — —-——~-- —~-—---- teot 
1.34 
Performance number 

Lean mixture — — -----—--—-—--—-—----- 108 

Rich mixture —--—- - —----—-~—-——-—-—- 131 
Tetraethy!leod—.- ~.----~~-~ ml. /gal 3.75 
Col@fa 22 oe ee ee ee Green 
Distillation temp, : 

10% evap, —-----~ —--~---——~— °F; 148 

50% evap —-—-——--— —-—-—--—---- 206 

90% evap ,—-—---------------=- 245 

Sum 104 30-235 33—"-SoS=-5 354 
Slope at 10 percent -—- —- -—-—---—----—- 2.3 
Reld vapor pressure - ——~--— —-—---- — 1 6.6 
Gum: 

Copper dish -—-----—-- — mg. Aiea 9 

Potential, 16 hr.------—--~—---—---— 9 
Heat of combustion, 

Wise ace oeoue Sse cloe — Btu/lb. 18, 927 
Aniline point ---—-—------—---- —* fF, 144.6 
Gravity ----- -------------- © API! 68.6 
Aniline-gravity constont —--— -----——— = 9, 920 
Freezing point - -—--—--—---—-—— oF, L-76 
Corrosion, copper strip —-———-——-——-——-— No, | 
Sulfur - ---------------- wt, percent 0,015 
Viscosity, kinematic at 70° F,--------cs 617 


TABLE 12.- Summarized data on grode 115/145 commercial aviation gasoline 
irapact ion fost | sar | isa] sae | i950] 9st] tesz | tesa | i954 | 1955 


Rich mixture —-—- -—--——-—----—---~----- 
Tetroethy! lead --———~—-------~ ml./gal. 
ColafaHe sa Saeco see ee eect 


10% evap,---- ------- -------- °F, 


Reid vapor pressure -—-—---------- -- Ib. 


Nl oS SSS SSeS eS SS — Btu/lb. 
Aniline point-—--—----.------.+ °F, 
Gravity --— ------- - -----—-----®* API 


Aniline-gravity constant ---— -—-- - ------ 
Freezing point --—- - ------------- °F, 
Corrosion, copper strip -- --— — --— -~-- = 
Sulfur ---~-------~------- wt. percent 
Viscosity, kinematic at 70° F -—-- --— — cs. 
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TABLE 13.- Summarized data on grade 108/135 commercial aviation gasoline 


Inspection test 


Number of fuels— — — — — —- — ——-———— — 
Octane number: 
Lean mixture———— — —— —- — —— — — 


Rich mixture ~ —~—~— —-————- ————-—-— 


Performance number: 


Lean mixture —— —— — —— —~— --—-——-— 

Rich mixture — — —---——-—-— —- -—-———-— 
Tetraethyllead — — —-—-—-—--— — mli./gal. 
Col6f =a Sa Se Se Se Se ee Se es 
Distillation temp.: 

10% evap. —- ——--------- a a 

50% evap, ———-—-——-——--—-- 

90% evap, —-——--— -—-------— 

wm 104: 50 = SSS == 
Slope at 10 percent ----—-——------ 
Reid vapor pressure — —-——-——-—— — Ib. 

um: 

Copper dish — —— — —— — mg./100 ml. 

Potential, 16 hr.—-——- 
Heat of combustion, 

= SSS SSS SSeS =5 Btu/\b. 
Aniline point------------— ®° F, 
Gravity -- -- —---—-—--—---- © API 
Aniline-gravity constant —-————————— 
Freezing point ————————-—-— - ° F, 
Corrosion, copper strip ——— — —-— — — — 
Sulfur —-—————--—-- — wt. percent 


Viscosity, kinematic at 70° F.——— —cs. 


V/ One sample brown, 2/ One sample purple. 
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TABLE 11.- Summarized data on grade 100/130 coramercial aviation gasoline 
Inspection test | isa7_| sae] isas| i950] test | iss2] usa | t9s4 | 1955 


Number of fuels --- ---------------- 26 
Octane number: 

Lean mixture —-—-——-— -——-—-------—-— beot 

0.21 
Rich mixture — —-— — -— -—-—-~-—-—~—----- isot 
1.34 

Performance number 

Lean mixture — -— -- -—- ---—---—---—~—- 108 

Rich mixture —--—- - —-----—-~-—--—-—~— 131 
Tetroethyllead — .. - —~..---—~-~ ml . /gal 3.75 
€elers oa eo ss ee a Green 
Distillation temp. : 

10% evop, ------- —-—-~——-— °F 148 

50% evap —- —--—-- --—------- 206 

90% evap.—----~-----------— 245 

Sum 10+ 50------—-------- 354 
Slope at 10 percent --- —- —----------—- 2.3 
Reld vapor pressure — ———-—— —~—----- Ib, 6.6 
Gum: 

Copper dish ~~---~—-—- —mg./100 mi. 9 

Potential, 16 hr,.------—--~---—---— - 9 
Heat of combustion, 

net-—--~- ------—--~-~- ~ ice 18, 927 
Aniline point ----—-------—---- 144.6 
Gravity ----- -------------- ° a 68.6 
Aniline-gravity constant -- -— ---—--——— eas 9, 920 
Freezing point — -———--——---—-—— °F, <-76 
Corrosion, copper strip ——— —~— —-— —-—-—-— — No, 1 
Sulfur - ---------------- wt, percent 0,015 
Viscosity, kinematic at 70° F.--—----- cs, 417 


TABLE 12.- Summarized data on grade 115/145 commercial aviation gasoline 
insjins tlon boat | sar | ia] sap | 1980 | 9st | i952 | 95a | i954 | 1955 


Number of fuels ---- - --—--- -------- = 
Octane number: 
Lean mixture ——-----~-~~-—~----~~-~- = 


Performance number: 


Rich mixture -~~—-——----—.------~ 


Sum 10+ 50-------- ----- ------ 


Slope at 10 percent ----—--—--------- 
Reid vapor pressure -— —-—-—- ~ —--~-— —-lb. 
Gum: 

Copper dish-- ----—-~-~--.- mg./100 mi. 

Potential, 16 hr.------- -----—---- - 
Heat of combustion, 

net - -~—-—--- ---~---~—--— — Btu/lb. 
Aniline point--—-~-----—-------- ° °F, 
Gravity -— ------- - -----—-----® AP| 
Aniline-gravity constant --—— -—-— - ------ 


245 
359 


fo ie 
a -ee 


Freezing point --—-— - ------------- °F, 
Corrosion, copper strip - - --— — — ---— ---- _ 
Sulfur -------~----------- wt. percent 
Viscosity, kinematic at 70° F ------— — cs. 
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TABLE 13.- Summarized data on grade 108/135 commercial aviation gasoline 


Inspection test 


Number of fuels— — — — — — — —-—-— —-—-— — 
Octane number: 
Lean mixture— — — — — —~- —- — — — — — — 


Rich mixture — ——— — — — — —- ——-—~—-—-~-— 


Performance number: 


Lean mixture —— —— — — — —-~ --—--——— 

Rich mixture — — —-———-— — —-—-——— — 
Tetraethyllead — — —-- —-—-—--— — mli./gal. 
Color —— ~~ —-—-— —— — — ----—--——-—-+- 
Distillation temp.: 

10% evap. - ——------—---- °F. 

50% evap. ——-—-———-—-—--—-- 

90% evap. ———— — —------— = 

Som: 10.4 50 === ==-S--= 
Slope at 10 percent -- --—-—--—--—- 
Reid vapor pressure — —-——--———— — Ib. 
Gum: 

Copper dish — —— ——— — mg./100 ml. 

Potential, 16 hr.—-— —- 

Heat of combustion, 

C= = === Btu/\b. 
Aniline point-------—----- = tr ies 
Gravity ~- —- -—-—-—-------- ° API 
Aniline-gravity constant ——— ——— — — — — 
Freezing point —————————-— - ° F, 
Corrosion, copper strip ——— — — — — — — 
Sulfur ——————-—-—-- — wt. percent 


Viscosity, kinematic at 70° F,-—— —cs. 


V/ One sample brown. 2/ One sample purple. 
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Figure |. — Trends in grade 80/87 commercial aviation gasolines 
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Figure 2.— Trends in grade 91/96 commerical aviation gosolines 
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Figure 3.— Trends in grade 100/130 commerical aviction gasolines 
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Figure 4.— Trends in grade 108/135 commerical aviation gosolines 


Google 


DISTILLATION TEMPERATURES, °F. 


1947 ‘49 ‘49 ‘SO ‘Si ‘S2 ‘53 ‘54 ‘55 947 ‘46 ‘9 ‘SO ‘st ‘S22. ‘s 5 


POUNDS 
= 
° 


e 
> 
° 


S 
i 
le 
aed 
"a Wi 


CENTISTOKES AT 70°. 


[ 
_\ 


wi 


o———-9 AVERAGE 
—— —O  MmINUM 


Figure 5.— Trends in grade |!5/145 commerical aviation gasolines 
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